This paper presents an experiment investigating the impact of behavior and responsiveness on social responses to virtual humans in an immersive virtual environment (IVE). A number of responses are investigated, including presence, copresence, and two physiological responses-heart rate and electrodermal activity (EDA). Our findings suggest that increasing agents' responsiveness even on a simple level can have a significant impact on certain aspects of people's social responses to humanoid agents.
Introduction
Imaging meeting a group of virtual people in an immersive virtual environment (IVE) such as a CAVE (Cruz-Neira, Sandin, & DeFanti, 1993) . Your response is likely to vary according to how convincing and lifelike these virtual humans seem. It is also likely to depend on your expectations of the technology and on the way you usually interact with people. In the context of collaboration in a shared VE, the believability of virtual humans will likely hinge not only on convincing animation, but also on their ability to respond appropriately to human users in an ongoing interaction. People's perceptions of the virtual humans they engage with are likely to shape the way they act in the shared VE. The more the virtual humans convince participants that they are able to engage in interaction, the greater the likelihood the participants will respond to them as social entities rather than as objects.
This paper describes an experiment examining how people respond to visually identical virtual humans that differ in their reactive behaviors. Specifically, it investigates responses to virtual humans representing increasing levels of responsiveness. It acknowledges the fact that perceptions and resulting actions are intertwined by considering not only people's perceptions of virtual humans, but also their own actions in response to them. The subjective responses considered include the sense of presence and copresence (or social presence), the degree of sentience attributed to the agents, and the degree to which participants modified their own behavior to account for the agents' presence in the virtual room. We also investigate the use of objective measures, employing heart rate and electrodermal activity (EDA) to gauge people's reactions to their experience in the IVE.
Presence research aims to understand what leads to people's sense of "being there" in the virtual environment (VE) despite knowing rationally that it is not "real" (Biocca, 1997; Slater & Steed, 2000) . It has been driven both by theoretical and practical concerns (Lombard & Ditton, 1997) , as a heightened sense of presence is considered essential for effective psychotherapy (Hodges, et al., 1995) and a wide variety of other VE applications. Copresence research aims to understand how to enhance the sense of being with other people in the VE and is of interest for all those applications that involve some form of social interaction, from collaborating with remote human users (Slater, 1999; Schroeder et al., 2001; Benford, Bowers, Fahlen, Greenhalgh, & Snowdon, 1995) to practicing public speaking with a virtual audience (Pertaub, Slater, & Barker, 2001) .
Earlier research on social presence in telecommunications investigated how different media vary in their capacity to transmit the rich visual cues available in faceto-face interaction (Short, Williams, & Christie, 1976) . Research in video-mediated communication (Finn, Sellen, & Wilbur, 1997) and avatar-mediated communication (Garau, Slater, Bee, & Sasse, 2001) has been driven by the premise that the inclusion of visual information can improve communication by harnessing our natural ability to read meaning into human movement. However, what happens when we are faced with a human form that is not real but computer-generated? What is required to create a sense of copresence? Lombard and Ditton (1997) have argued that to perceive the virtual other as a social entity it is necessary to have interactivity, with plausible responses. Similarly, Biocca (1997) states that social presence can really begin to occur only when people feel that they have access to the "intelligence" of another. By convention, virtual humans are referred to differently according to whether or not they represent a human. When representing a real human user they are referred to as avatars; when driven by an artificial intelligence or by simple prescripted behaviors, they are referred to as agents. The challenge with human-human communication is to drive avatar behaviors that enrich, rather than hinder, communication between remote participants. With human-agent communication, the challenge lies in simulating intelligent social responses by coupling the agent's dialogue with appropriate conversational behaviors (Cassell, Bickmore, Campbell, Vilhjálmsson & Yan, 2000) . In both cases, a heavy emphasis is placed on the other's "intelligence" being communicated via the verbal exchange, particularly if the nonverbal cues are insufficient or ambiguous. Nevertheless, there is evidence that when taken in isolation from verbal exchange, virtual human behaviors can have an impact on people's social responses. This is consistent with the findings of Reeves and Nass (1996) that people respond to media as social actors if given limited cues.
In this experiment we sought to isolate verbal interaction from the impact of visual behaviors by investigating how even very basic animation and responsiveness in virtual humans impacts on the response of participants. In the following section we discuss related research on social responses to avatars and agents. We then describe the goals and design of the experiment and present our findings. We conclude with a discussion of our continuing work. Schroeder et al. (2001) report on a recent study on presence and copresence in a collaborative task involving two networked Cave-like systems. As in early studies in collaborative virtual environments (CVEs) (Benford et al., 1995; Slater, 1999; Steed, Slater, Sadagic, Bullock, & Tromp, 1999) , the avatars used were visually simplistic. The fact that there was an audio link and that the puzzle-solving task did not place heavy reliance on nonverbal feedback partly compensated for the relative paucity of avatar expressiveness.
Related Work
It is interesting to consider studies where there was no two-way verbal interaction and where visual feedback was more central to the task. A series of studies on fear of public speaking considered people's responses to a virtual audience. Pertaub et al. (2001) report on a between-groups study in which different groups of participants gave a talk to a room of "static," "positively," or "negatively" responding audience members. Their findings suggest that the negative audience resulted in uniformly higher levels of anxiety. These anxiety responses occurred despite participants' awareness that the agents were computergenerated and that there were no real people in the audience. Bailenson, Blascovich, Beall, and Loomis (2001) report on a study investigating spatial behavior (Hall, 1966) in a VE. Under the guise of a memory task, they observed participants' patterns of navigation around a stationary agent whose gaze behavior was varied in terms of realism across the conditions. They found that participants maintained the greatest interpersonal distance when the agent engaged in mutual gaze, consistent with Argyle's (1988) intimacy equilibrium theory, which predicts greater interpersonal distance with increased gaze.
In both these cases, findings show that visual feedback from the agent had a significant impact on participants' responses, despite the absence of verbal exchange and their awareness that the agents weren't real people. In our experiment, we also sought to isolate the effect of visual behaviors from verbal responses. In this case, however, the social context of the interaction was left unstructured, and participants were not briefed on how to interact with the agents.
Experiment Goals and Expectations
The overall aim of the experiment was to investigate the degree to which agents were treated as social entities rather than objects as their responsiveness to participants increased across four conditions. The basic hypothesis was that the greater the responsiveness of the agents, the higher the likelihood that participants would have had an experience of being with people, measured on a number of indicators.
Experimental Design
A between-groups one-way design was employed with a main four-level factor being the degree of agent responsiveness.
Condition 1 (Static): All agents were static (Figure 1 ), frozen in a reading pose. 
Condition 2 (Moving):
The agents were animated, carrying out such behaviors as might normally be expected of people in a reading room. Movements included fidgeting, turning pages, and occasionally looking around. The agents did not respond to the participant.
Condition 3 (Responsive): The behaviors of Condition 2 were supplemented by agent responsiveness to the participant's location in the space. When the participant approached the agent, it would respond by changing posture and engaging in gaze behavior (Figure 2 ).
Each agent had four "interpersonal zones" separated by a series of nested circles. Hall's (1966) model for interpersonal distance outlines the appropriate distance for different types of social interaction: intimate, personal, social-consultative, and public. A similar logic was applied to the agents' reaction "zones," although the distances were modified during the trials to make them more effective for the Cave (Table 1) .
When the participant was in the agent's "public" zone, the agent would move as in Condition 2, focusing on study-related things around the table. As the participant moved through each zone toward the agent, the agent's behavior would change as follows: gaze would increase, posture would become more upright, the frequency of gaze and posture shifts would increase, and the probability that the agent would look at the user would increase. Finally, in the "intimate" space, the agent would physically turn around in its chair and visually "track" the participant until interpersonal distance was increased.
Condition 4 (Talking):
The responsive behaviors were the same as in Condition 3 except that the first agent approached would briefly speak to the participant. The verbal content was not in any recognizable language, but the tonality suggested a question, followed by a pause, then another question. After a few seconds, the agent would say "OK" as if resigned to not getting an understandable answer, and would turn back to the table. The purpose of these utterances was to suggest that verbal communication was possible in principle, though not in practice due to the language barrier.
Participants
Participants were recruited from the campus through an advertising poster campaign. They were paid the equivalent of $7.50 for the 1 h experiment. As far as possible a gender balance was maintained across the conditions, as shown in Table 2 .
There were 11 participants in Condition 1 because one additional participant was recruited due to an earlier mistaken belief about missing data. All data collected were then used in the analysis. Hall's (1966) 
Apparatus
The laboratory consisted of two separate spaces: a reception room where participants were greeted and completed questionnaires, and a laboratory containing the Cave and the PC for monitoring participants' physiological responses.
Cave: The Cave-like system used was a ReaCTor made by Trimension, consisting of three 3 ϫ 22 m 2 solid acrylic walls and a 3 m 2 floor. It was powered by a Silicon Graphics Onyx2 with 8 300 MHz R12000 MIPS processors, 8 GB RAM, and 4 Infinite Reality2 graphics pipes. The participants wore CrystalEyes stereo glasses, which were tracked by an Intersense IS900 system. They held a navigation "wand" device, which is a standard part of the IS900, with an analog joystick that is similarly tracked. The joystick was used to move around the VE, with pointing direction determining the direction of movement along the ground plane-participants could not leave the virtual ground. The frame rate was 45 Hz throughout. The software for this VE was written on top of the DIVE software platform (Frecon, Smith, Steed, Stenius, & Stahl, 2001) . Physiological monitoring equipment: Participants were fitted with Thought Technologies Ltd. ProCompϩ EKG sensors on their torso and EDA sensors on their nondominant hand (Meehan, 2001) . The software for visualizing and recording these measures was run on a dual-processor Dell PC. The ProComp box was kept securely in a pack strapped to the participant's back and linked to the PC via serial cable. Figure 3 shows a participant in the ReaCTor.
Agents and Virtual Environment
Agents: Three male and two female agents were used, as shown in Figures 1 and 2 above. The virtual human models were originally from Criterion Software's RenderWare product. For the purpose of the experiment, their appearance was edited and the body parts segmented and arranged into a hierarchy. Their original animations included walking, standing, sitting, and pointing gestures; additional behaviors such as blinking and leaning forward to read a book were implemented in DIVE as TCL scripts that controlled the relevant parts of the body hierarchy.
Virtual Environment: This consisted of two separate virtual rooms, a "training" room and "library" room. The two rooms were linked by a doorway, which remained closed during a training period but was opened once the task was explained and participants had confirmed their desire to continue with the experiment.
The first room was a training space, designed to help participants become accustomed to navigation through the VE. Around the room were scattered large singledigit numbers from 1 to 9, which participants were instructed to move through in numerical order.
The adjoining room resembled a library reading room, and contained furniture as well as the five agents 
Task
A task was needed that would enable participants to notice the agents without being obliged to enter into an explicit interaction with them. We opted for a very neutral task and instructed them as follows:
In a few moments the doorway will open. Please go through the doorway and you will find yourself in another room. When you are in there, please observe your surroundings as afterwards we will be asking you about what you experienced.
They were told they had four minutes to explore the virtual room, and that when the time was up, they should return to the (virtual) training room, at which point the experimenters would help them remove all equipment and sensors. No mention was made of the characters, and no further instructions were given as to how to explore or observe the space.
Procedure
Before entering the Cave: Participants were welcomed and given an information sheet describing the procedure and possible side effects of using VR equipment. They signed a consent form and filled out two standardized questionnaires before beginning the experiment: POMS (Profile of Mood State) (McNair & Douglas, 1984) and SAD (Social Avoidance and Distress) (Watson & Friend, 1969) .
Inside the Cave: Participants carried out a training exercise to learn to move about in the virtual scene. Once this was completed, participants were reminded that if they felt any nausea we would stop the session immediately. They were asked to position themselves directly in front of the virtual doorway separating the training room from the experimental room, and the task was explained to them. After four minutes in the virtual library room, they were asked to return to the training space. They were asked to answer a single written question regarding their overall sense of presence throughout the experience. Immediately after this the physiological monitoring sensors were removed and participants were led through to the reception area.
After leaving the Cave: Participants filled out the POMS questionnaire again. They then filled out a post questionnaire about their sense of presence and their responses to the virtual characters. The session concluded with a semi structured interview.
Response Variables
The post questionnaire was designed to investigate participants' responses on several indicators. A number of different response variables were constructed from the questionnaire data. Those considered here are copresence, participant behavior, and perceived awareness of the agents.
4.6.1 Copresence. This is the extent to which the participants had the sense of being with other people. It was elicited by the following questions, each on a 1 to 7 scale with the score adjusted for analysis so that the higher score represented higher copresence. The overall measure for "copresence" was the mean of the following questions: (Not at all ϭ 1, Very much ϭ 7). 1.5 Now consider your response over the course of the whole experience. Did you respond to the characters more the way you would respond to people, or the way you would respond to a computer interface? (The way I would respond to people ϭ 1, The way I would respond to a computer interface ϭ 7).
Participant Behavior.
The second response variable was the extent to which participants reported that they altered their behavior in response to the agents. This was measured by the following questions on a 1 to 7 scale, with the higher score representing a greater behavioral response (Not at all ϭ 1, Very much ϭ 7). The variable "participant behavior" consisted of the mean response to the following questions: 2.1 How far did you make an effort to avoid disturbing the characters? 2.2 How far did you feel inhibited in your task by the characters? 2.3 Now consider your response over the course of the whole experience. How much did you want to interact with them? 2.4 Did you attempt to interact with them? 2.5 To what extent did the presence of the characters affect the way you explored the space?
4.6.3 Perceived Agent Awareness. "Agent awareness" is concerned with the extent to which the participants perceived that the agents were aware of them. This was elicited by the following questions, with the scale (Not at all ϭ 1, Very much ϭ 7). The variable "Perceived Agent Awareness" is the mean of the following questions: 3.1 How much did the characters seem to respond to you? 3.2 How much were the characters looking at you? 3.3 How much did the characters seem aware of you? 3.4 To what extent did you feel observed by the characters?
Objective Response Variables
We made an attempt to record each participant's electrodermal activity (EDA) 2 and heart rate. Readings were taken throughout the time each participant was in the training room, and during their time in the virtual library room. Findings from face-to-face research (McBride, King, & James, 1965) suggest that EDA increases when a person approaches another person, and we were interested to see whether a similar response could occur with agents. Also, Meehan and his colleagues (Meehan, 2001; Meehan, Insko, Whitton, & Brooks, 2001 ) found a reliable way of using EDA and heart rate to measure presence in VEs.
Explanatory Variables
As well as the independent variable (the four conditions representing the extent of agent responsiveness), there were a number of explanatory variables. These included gender and "the extent to which you use a computer in your daily activities" on a 1 to 7 scale (Not at all ϭ 1, Almost all the time ϭ 7). Additional information was collected on the sense of presence in the virtual environment, using the same set of questions as in Slater, Steed, and Usoh (1993) . A separate questionnaire was given (Watson & Friend, 1969) before the experiment in order to assess the degree of social anxiety of participants in everyday life. This was employed in order to take account of different types of participant responses to the virtual social situation presented by the scenario, for example, the tendency to approach or avoid the agents. Finally, the two mood-state questionnaires (McNair & Douglas, 1984) will be used in further analysis to interpret the physiological data.
Method of Analysis
The method of analysis used was one-way analysis of variance on "condition," though allowing the explanatory variables to be covariates. Standard t-tests were used to examine for differences between means where appropriate, and the significance level used was 5% throughout.
Summary of Analysis of Questionnaire Results
Participants who experienced the "responsive" agents (Condition 3) had a significantly higher sense of personal contact with the virtual characters than all the others, and responded to these agents as if they were people rather than aspects of a computer interface. However, this effect diminishes with increasing computer use. People who use computers very much in their daily activities tended to experience the agents as a computer interface in all of the conditions. In all three moving-agent conditions (2, 3, 4), participants were more likely to have tried to interact with the agents than in the static condition. However, participants who experienced the "talking" agents (Condition 4) were significantly more likely to want to interact with the agents than in any other condition. Participants were more likely to try to avoid disturbing the agents the higher their general level of social anxiety.
Participants who experienced the responsive and talking agents (Conditions 3 and 4) were more likely to perceive the agents as being aware of them than in the "static" (1) or "moving" (2) conditions. These results are described in greater detail below.
Results

Copresence
At first sight there are no significant differences between the conditions for the main effect on copresence. If the subcomponent given by Question 1.4 (a sense of personal contact) is considered, then Conditions 3 and 4 (responsive and talking) are significantly different from Condition 1 (static), but Condition 2 (moving) is not significantly different from the static condition.
However, introduction of the variable "computer usage" (the extent of using a computer in everyday activities) as a covariate changes this picture considerably. When this is brought into the analysis, then Condition 3 (responsive) is the only condition that is significantly different from the static condition. In this case the mean (or intercept) is the only one that is significantly different from zero (t ϭ 3.96 on 33 df ) and the negative slope with computer usage is the only slope significantly different from zero (t ϭ Ϫ3.0 on 33 df ). The greater the degree of computer usage, the more the agents were responded to as a computer interface. Figure 4 shows the plot of the fitted regression lines for copresence by computer usage. The latter ranged from 4 to 7 (with 7 meaning a high level of computer usage in daily activities), so only this portion of the fitted line is valid. The overall correlation for the model was 0.55 (on 33 df ). Only the intercept and slope for Condition 3 (responsive) differ significantly from zero. 
Participant Behavior
This variable focuses on how much participants reported that their behavior was actually affected by the agent presence. In this case Condition 4 (responsive) is significantly higher than the static condition, and none of the other conditions are significantly different. Interestingly in this case, there is no "computer usage" effect. If we look at the subcomponents, only Question 2.3 (the degree to which the participants wanted to interact with the agents) follows the same pattern: only Condition 4 (talking) is significant. For Question 2.4 (attempts to interact with the agents) all three movingagent conditions (2, 3, 4) are significantly higher than the static condition (1), but not significantly different from one another.
There is a significant positive correlation between Question 2.1 (the extent to which participants tried to avoid disturbing the virtual characters) and the SAD score (r ϭ 0.55, t ϭ 4.1 on 39 df). This is evidence that participants acted toward the virtual characters in a way that might be predicted from their social-anxiety score (i.e., following what might be expected in their everyday behavior). However, such a correlation is not shown with the other subcomponents of participant behavior.
Perceived Agent Awareness
This is the extent to which the participants perceive the agents to be aware of them in various ways. Conditions 3 and 4 are significantly higher than Conditions 1 and 2, which would be expected because objectively in these conditions the agents appear to be "aware" of the participants and do respond to them. Once again there is no effect of "computer usage." The same significant result is found for each of the four subcomponents of this response.
Preliminary Analysis of Physiological Measures
Physiological data was not available for all participants, because the equipment did not always function correctly. Data were collected while each participant was in the virtual training room and virtual library room. Overall means were computed for each of these two rooms, and for both EDA and heart rate we take as a response variable the proportional change from the training room to the library room. Such readings have been used before in studies of presence in virtual environments .
The results show that EDA and heart rate was significantly higher when participants were in the richer library environment compared to the training room. This is the case for EDA in all four conditions. For heart rate, it is the case for participants in Condition 3 (responsive). Using presence and computer usage as covariance indicates that this heart-rate increase in Condition 3 diminishes with computer use, and also diminishes with increasing reported presence in the library room. The decrease in heart rate with increasing computer usage is consistent with our findings from the questionnaire data above.
Our preliminary analysis considers only overall means. An experimenter marked significant events during the time participants were in the library room, such as when the agent spoke to the participant, came into the participant's field of view, or talked. These significant events are recorded in the data stream. Hence we can examine the readings to see if such events do result in a sudden change in EDA level. This analysis will be carried out at a later date. Meanwhile, for the purposes of this paper we selected a participant at random in Condition 4 and the graph of this participant's EDA reading is shown in Figure 5 . This indicates the concomitant sudden jump in EDA for such significant events, as expected (see Figure 5 ).
Discussion
When designing the experiment, we considered various factors that might enable us to describe and explore copresence. Among these were the sense of personal contact, the possible attribution of sentience to the agents, and the sense of responding to agents as people rather than computer interfaces or inanimate objects.
Attribution of sentience: We hypothesized that in Conditions 3 and 4, where the agents responded to the user's proximity, the agents would be perceived as being more aware. Our findings support this hypothesis. In the postexperiment face-to-face interviews, participants explained that this sense of being observed and of the agents being aware was directly linked with the turning and gaze behaviors. A participant from Condition 3 (responsive) initially attributed a form of consciousness to them.
You sense that they're aware of someone being there but maybe not aware in the way that a person with all senses and mobility would be, in that they didn't speak and they didn't look to interact. So it was a kind of muted awareness if you like. When they're the first to turn to you then I guess in some sense they did seem conscious.
Sense of personal contact:
The sense of "personal contact" was significantly higher in Conditions 3 and 4, as described earlier. This was supported by the interviews. Several participants in Condition 1 (static) reported that they had a low sense of personal contact because the agents did not move, and therefore it did not occur to them to attempt an interaction. In Condition 2 (moving), the sense of personal contact was hindered by what several participants described as an almost voyeuristic experience. The fact that the agents did not respond made some participants feel "invisible" and "ghostlike," and unable to engage in two-way interaction of any form. Thus the lack of responsiveness in the agents colored the experience in the virtual environment as a whole by making them feel they could not affect their surroundings. The fact that a lower level of computer usage is linked with a higher sense of copresence is important, because it seems to imply that something more consistently convincing has to be presented to experienced computer users to engender a sense of copresence. It would be interesting to isolate the aspects of computer use that are responsible for this effect. Several participants who reported playing games tended to refer to the agents in a more detached way. They reported trying to elicit a reaction from them, rather than treating them as people. However, the direct impact of computer game experience is complex to quantify since it depends on several factors, including experience levels, types of games played, and whether they are single-or multiplayer. All of these factors are likely to shape people's expectations when encountering agents and avatars in an IVE.
Responding to the agents as people: Overall, participants said that they did not maintain the same interpersonal distance as they would have had these been real people in a real room. One participant in Condition 2 (moving) said, At first I did feel aware of the people, I think I may have skated round them. So in that sense I suppose there was a real perception of them being there, a sort of confused social response. I knew that they were computer generated but I was fooled to a degree that there were these people there, so when I entered the space I didn't barge straight into them. Eventually I thought this is a game so I did barge into them and nothing happened.
Many participants mentioned that their reaction to the agents changed over time. Typically, when something happened to break the illusion they began to react to them more as objects or "computer people." Several participants reported trying to walk through them or touch them to see if they would react.
However, one participant, who had the highest social anxiety score and who was in Condition 4 (talking), reported making a deliberate effort to stay away from the virtual people throughout the experience, because he felt uncomfortable when they looked at him. He explained that this reaction was in no way different to how he would normally react in a room full of real people. This comment supports our finding that higher socialanxiety scores correlated significantly with a desire to avoid disturbing the agents.
It became apparent that approach/avoidance of the agents depended on other factors as well. For some participants, the agents were simply the more visually stimulating features in the room, and they approached them out of curiosity. Others avoided them because they found them uninteresting. In general this did not appear to depend on the condition but rather on the inclinations of the individual participants. Perhaps the most surprising comment came from an experienced player of computer games in the Condition 1 (static), who mentioned that despite their stillness he felt inclined to respect the personal space of the agents because they looked like they were frozen in the middle of doing something. He explained that had they been frozen in a stiff robotic pose he would not have had this reaction.
The most important point to mention is that people did not respond to the agents as if they were real people. All participants explained that the characters were "not real," that they were "computer people." Some factors that called their attention to this were lack of visual detail and movements that appeared repetitive at times. Similar factors also affected their reactions to the virtual space in general. In particular, many participants complained that they were unable to read the titles of books in the library from up close (these were rendered as low-resolution texture maps).
In spite of this, several people mentioned their surprise that despite their rationalization of the agents as being computer-driven, they nonetheless responded to them on some level as people. One participant in Condition 2 (moving) articulated this as a sense of responding to them on two different levels: I think my subconscious was aware that they weren't real, that I could mess about a bit. But my conscious was telling me how to react in that social situation. Just to begin with, I think. Then eventually I think my subconscious overrode that. This comment, along with others, would suggest that it is possible to react to agents both rationally as computer interfaces, and nonrationally as people. The duration and effectiveness of the illusion will depend on the degree to which their responsiveness is convincing over time.
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Conclusions and Future Work
In this experiment we aimed to isolate nonverbal behaviors from verbal interaction to understand how copresence can be affected by simple increments in virtual human responsiveness. We wished to study people's responses in an unstructured social context, where they were free to explore a virtual room and were not explicitly told to interact with the agents. The dual aim of the experiment was to investigate people's perceptions of the virtual humans, as well as their own actions in response to them.
None of the participants reported responding to the agents as if they were "really" people. However, many expressed surprise at the fact that they had respected some social norms despite the fact that they knew the agents were computer-generated. People with higher levels of social anxiety were significantly more likely to avoid disturbing the agents. This supports previous findings that on some level people can respond to agents as social actors even in the absence of two-way verbal interaction.
We compared people's responses to visually identical agents whose behaviors were modified to reflect increasing levels of responsiveness. Our results indicate that participants who encountered the visually responsive agents in Condition 3 experienced a significantly higher sense of personal contact with the agents. This effect diminished with experienced computer users. Interestingly, this pattern was precisely reflected in the heartrate data, suggesting a parallel between the subjective and objective responses. In our continuing analysis we will be looking for physiological changes related to proximity to the agents to see whether behavioral measures can give us promising new ways of studying copresence with virtual humans.
The interviews illustrate that there are a complex variety of factors at play, including the behaviors of the agents, people's level of experience with technology, and their responses to real-life social situations. Our current findings support the hypothesis that increasing responsiveness even on a simple level can have a significant impact on certain aspects of people's social responses, both in terms of their perceptions of virtual humans and of their actions in response to them. Future work will build on these results with an ultimate aim to understanding how the sense of copresence with virtual humans can be enhanced for richer social experiences in IVEs.
